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ABSTRACT 
Quorum sensing (QS) describes bacterial cell density dependent signaling mechanisms 
through autoinducers that are involved in mediation of bioluminescence, biofilm 
development, antibiotic production and virulence factor expressions. Attenuation of 
quorum sensing signals termed as quorum quenching (QQ) have been identified in a range 
of living organisms, including bacteria and eukaryotes. The production and degradation of 
QS compound N-acyl homoserine lactones (AHL) by bacteria isolated from Malaysian 
montane forest soil were assessed in this study. Phylogenetic analysis indicated that these 
isolates were distinct members of genera of Arthrobacter, Bacillus and Pseudomonas. 
Biosensor screening and liquid chromatography mass spectrometry analysis have revealed 
the production of N-dodecanoyl-L-homoserine lactone (C12-HSL) by Pseudomonas 
frederiksbergensis (isolate BT9).  Strong QQ activity with broad substrate specificity 
against various AHLs has been detected among Arthrobacter, Bacillus and Pseudomonas 
isolates using whole-cell AHL inactivation assay and rapid resolution liquid 
chromatography analysis (RRLC). In addition, degradation of p-coumaroyl-homoserine 
lactone by Arthrobacter and Pseudomonas spp. was documented first in this study. Further 
studies involving whole genome sequencing of these isolates for the purpose of assessing 
regulation of QS and QQ genes is currently being carried out. 
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ABSTRAK 
Pengesanan kuorum (QS) merupakan mekanisme komunikasi bakteria melalui isyarat yang 
bergantung pada ketumpatan sel dan terlibat dalam aktiviti-aktiviti seperti biopendarkilau, 
pembangunan lapisan biofilm, sintesis antibiotik dan ungkapan faktor kebisaan. 
Pengurangan isyarat pengesanan kuorum yang dikenal sebagai penghambatan kuorum (QQ) 
telah dijumpai dalam pelbagai organisma hidup, termasuk bakteria dan eukariot. 
Pengeluaran dan degradasi isyarat QS dikenali N-acyl homoserine lactones (AHL) oleh 
bakteria yang diasingkan daripada tanah hutan gunung Malaysia telah dinilai dalam kajian 
ini. Analisis filogenetik menunjukkan bahawa bakteria-bakteria ini adalah antara ahli 
genera Arthrobacter, Bacillus dan Pseudomonas. Ujian pengesanan kuorum dan analisis 
kromatografi spektrometri jisim cecair (LCMS) telah mengenalpasti pengeluaran N-
dodecanoyl-L-homoserine lactone (C12-HSL) oleh Pseudomonas frederiksbergensis (BT9). 
Aktiviti QQ yang ketara terhadap pelbagai subtrat isyarat kuorum AHLs telah dikesan di 
kalangan bakteria Arthrobacter, Bacillus dan Pseudomonas dengan ujian degradasi isyarat 
AHL dan analisis kromatografi cecair (RRLC). Di samping itu, degradasi p-coumaroyl-
homoserine lactone oleh Arthrobacter dan Pseudomonas spp. adalah pertama 
didokumenkan dalam kajian ini. Kajian lanjutan yang melibatkan penjujukan seluruh 
genom sedang dijalankan dengan tujuan untuk menilai perantaraan gen QS dan QQ. 
  
v 
 
ACKNOWLEDGEMENTS 
 
First and foremost, I would like to convey my deepest appreciation to Dr. Chan 
Kok Gan, for the privilege to complete my study under his mentorship. He has been 
tirelessly providing me with invaluable suggestions, encouragement and information 
regarding the research. I have learned much and benefited tremendously from his constant 
guidance and advices throughout the entire research period. I sincerely thank Dr. Chan for 
his generosity and kindness, of which has inspired and motivated me throughout my study. 
I would also like to specially thank and acknowledge my lab members, See-Too, 
Yee Meng, Xin Yue, Kar Wai, Jian Woon, Thiba and Li Ying for their co-operation, 
opinions, suggestions as well as their willingness to offer a helping hand whenever I 
encountered any complications during the project. 
Most importantly, I am deeply thankful to my family for their continuous support 
and I would definitely treasure the encouragements, dedications, criticisms, advices and 
guidance which were provided by my parents. Last but not least, I would also like to thank 
University of Malaya for providing me such an opportunity to complete my entire study. 
  
vi 
 
TABLE OF CONTENTS 
                           PAGE 
 
ABSTRACT           iii 
ABSTRAK          iv  
ACKNOWLEDGEMENTS        v 
TABLE OF CONTENTS   vi 
LIST OF TABLES         ix 
LIST OF FIGURES         x 
LIST OF ABBREVIATIONS       xii 
 
CHAPTERS 
 
1.0 INTRODUCTION        1  
 
2.0 LITERATURE REVIEW       3 
 2.1 Quorum Sensing       3 
 2.1.1 N-Acyl Homoserine Lactones  4  
  2.1.2 Other Signaling Molecules     9 
 2.2 AHL Biosensors       10 
 2.3 QQ Ceasing the Chatter      12 
   2.3.1 AHL QQ Enzymes     12 
   2.3.1.1 AHL Acylase      13 
   2.3.1.2 AHL Lactonase     15 
   2.3.1.3 AHL Oxidoreductase     18 
 2.4 Biotechnological Implications of QQ     21 
  
3.0 MATERIALS AND METHODS      22 
3.1  Bacteria Strains, Plasmid and Oligonucleotides  22 
3.2  Chemical Reagents     24 
3.3 Equipments         25 
vii 
 
3.4 Commercial Kits       25 
3.5 Growth Media and Buffer Solutions     26 
 3.5.1  Luria-Bertani (LB) Medium     26 
3.5.2  S.O.C Medium      27 
3.5.3 Phosphate Buffered Saline (PBS)    27 
3.5.4 5× Tris Borate EDTA (TBE) Buffer    27 
3.6 Stock Solutions    27 
 3.6.1 Synthetic N-Acyl Homoserine Lactones  27 
 3.6.2 Ampicillin Stock Solution  28 
 3.6.3 5-bromo-4-chloro-3-indoyl-beta-  
  D-galacto-pyranoside (X-gal) Stock Solution  28 
 3.7  DNA Ladder Marker       28 
3.8 Sampling and Isolation of Environmental Bacteria   29 
 3.8.1 Soil Collection and Sampling Procedure   29 
  3.8.2 Isolation of Bacterial Strains     29 
 3.9. Molecular Identification of Bacteria Isolates    30 
  3.9.1 Genomic DNA Extraction     30 
  3.9.2 Polymerase Chain Reaction (PCR) Amplification  30 
  3.9.3 Agarose Gel Electrophoresis     31 
  3.9.4 Cloning, Tranformation and Sequencing   32 
   3.9.4.1  Ligation of Purified PCR Products   32 
   3.9.4.2 Preparation of Chemical Competent Cells  32 
   3.9.4.3 Transformation using Heat Shock Method  33 
   3.9.4.4 Selection of Recombinants and  
    Confirmation by Colony PCR   34 
   3.9.4.5 Plasmid Extraction     35 
   3.9.4.6 Sequencing Analysis     36  
   3.9.4.7 Phylogenetic Analysis    36 
 3.10 Detection of Acyl Homoserine Lactone Production   37 
  3.10.1 CV026 Cross Streak      37 
  3.10.2 AHL Extraction      37 
  3.10.3 Mass Spectrometry Analysis     38 
 3.11 Detection of AHL Degradation Activities    38 
  3.11.1 Whole Cell AHL Inactivation Assay    38 
viii 
 
  3.11.2 Screening of AHL Degradation using CV026  
    Biosensor       39 
  3.11.3 Verification of QQ Activities through RRLC  
    Analysis          39 
 
4.0 RESULTS         41 
 4.1 Soil Sampling and Isolation of Bacteria    41 
 4.2 Gram Staining        41 
 4.3 Genomic DNA Extraction and 16s rDNA Gene    
  Amplification        43 
 4.4 Molecular Identification and Phylogenetic Analysis    
  of Bacterial Isolates       43 
 4.5 Phylogenetic Analysis      45 
 4.6 Nucleotide Sequence Depositions     49 
 4.7 CV026 Cross Streak       50 
 4.8 LCMS Analysis of AHL Extracts     52 
 4.9 QQ Activities of Isolates      53 
  4.9.1 CV026 Biosensor Overlay     53 
  4.9.2 RRLC Analysis of Various AHL Degradations   56 
 
5 DISCUSSION         65 
 5.1. Isolation and Identification of Bacterial Strains   65 
 5.2.  Identification of AHL Production     67 
 5.3. Degradation of AHLs       69 
 5.4 Degradation of Aroyl-HSL      70 
 5.5 AHL Signalling Turover in Soil Environment   71 
 5.6 Future work        72 
       
6 CONCLUSION        73 
REFERENCES         74 
APPENDICES         92 
ix 
 
LIST OF TABLES 
Table  Page 
2.1 Examples of AHL producing bacteria.    6 
2.2 Examples of various AHL acylases. 14-15 
2.3 Examples of various AHL lactonases. 16-18 
2.4 Examples of AHL oxidoreductases. 19 
3.1 Bacterial strains used in this study. 22-23 
3.2 Plasmid used in this study. 23 
3.3 Oligonucleotides used in this study. 24 
3.4 Commercial kits. 25 
3.5 PCR mixture for 16S rDNA amplification. 31 
3.6 Setup for ligation of purified PCR products.  32 
3.7  PCR mixture for transformant screening. 35 
4.1  Morphology of bacterial colonies.  42 
4.2  Details of BLASTN alignment search analysis. 44 
4.3 Assigned Genbank accession numbers for the identified 
isolates. 
 
49 
4.4  Results from the CV026 cross streak on the isolates. 51 
4.5 Detection of C6-HSL degradation activities using CV026. 55 
4.6 RRLC analysis for various AHL degradations. 64 
 
  
x 
 
LIST OF FIGURES 
Figure  Page 
2.1 Several chemical structures of N-acyl homoserine 
lactone molecules and R corresponds to the carbon 
chain length ranging from C1 to C15. 
8 
2.2 Structural modification of AHL molecules resulted from 
enzymatic reactions. 
 
20 
4.1 16S rDNA gene based phylogenetic analysis of Bacillus 
sp. BT1. 
 
45 
4.2 16S rDNA gene based phylogenetic analysis of Bacillus 
sp. BT2. 
46 
4.3 16S rDNA gene based phylogenetic analysis of P. 
frederiksbergensis BT3. 
 
46 
4.4 16S rDNA gene based phylogenetic analysis of B. cereus 
BT4. 
46 
4.5 16S rDNA gene based phylogenetic analysis of P. 
frederiksbergensis BT5. 
 
47 
4.6 16S rDNA gene based phylogenetic analysis of 
Arthrobacter sp.BT6. 
 
47 
4.7 16S rDNA gene based phylogenetic analysis of P. 
frederiksbergensis BT7. 
 
47 
4.8 16S rDNA gene based phylogenetic analysis of P. 
frederiksbergensis BT8. 
 
48 
4.9 16S rDNA gene based phylogenetic analysis of P. 
frederiksbergensis BT9. 
 
48 
4.10 Representative result of detection of violacein production 
using CV026 cross streak. 
 
51 
4.11 ESI-MS spectrum of C12-HSL (m/z 284.2214, 7.708 
min). 
 
52 
4.12 Detection of QQ activities using CV026 overlay. 
 
54 
4.13 RRLC analysis of pC-HSL degradation. 
 
57-59 
xi 
 
4.14 RRLC analysis of C10-HSL degradation. 
 
60-61 
4.15 RRLC analysis of 3-oxo-C12-HSL. 
 
62-63 
xii 
 
LIST OF ABBREVIATIONS 
 
°C Degree Celsius 
AHL N-acyl homoserine lactone 
ACP Acyl carrier protein 
α Alpha 
Amp Ampicilin 
β Beta 
BLAST Basic Local Alignment Search Tool 
bp Basepair 
DNA Deoxyribonucleic acid  
EDTA  Ethylenediaminetetraacetic acid 
et al. et alia (and others) 
EtBr Ethidium bromide  
g Gram 
g Gravity (relative centrifugal force) 
h Hour 
HSL Homoserine lactone 
kb Kilobase pair 
ɣ Lambda 
LB Luria-Bertani 
M Molar Concentration 
MOPS 3-(N-morpholino) propanesulfonic acid 
min Minute 
mg Milligram 
xiii 
 
ml Millilitre 
mM Millimolar Concentration 
OD Optical density 
% Percentage 
PBS Phosphate buffered saline 
pC-HSL p-coumaroyl-homoserine lactone 
PCR Polymerase chain reaction 
QS Quorum sensing 
QQ Quorum quenching 
rDNA Ribosomal deoxyribonucleic acid 
rpm Revolutions per minute 
RRLC Rapid Resolution Liquid Chromatography 
SAM S-adenosylmethionine 
sdH2O Sterile distilled water 
sp. Species 
TBE Tris borate EDTA 
UV Ultra Violet 
v/v Volume per volume 
w/v Weight per volume 
X-gal 5-bromo-4-chloro-3-indoyl-beta-D-galacto-pyranoside 
µg Microgram 
µl Microlitre 
 
